8 Compartmentalized cytoplasmic fluctuations of Ca 2+ within dendrites and dendritic spines regulate a variety of 9 neuronal functions. Like some neurons and glia, melanocytes are neural crest derived and possess dendrites (Adameyko 10 et al., 2009; Erickson et al., 1992; Fitzpatrick and Szabo, 1959). Here, we show that primary human melanocytes, when 11 observed in situ have extensive dendritic branches with dendritic spines similar to neurons. When co-cultured with primary 12
This high percentage of melanocytes with Ca 2+ transients (64%±11%) was only observed when melanocytes were 125 co-cultured with keratinocytes. Fewer melanocytes had Ca 2+ transients when grown with unlabeled melanocytes 126 (16%±2%) or with HEK293T cells (13%±6%) ( Figure 4A) . The presence or frequency of these calcium transients was not 127 affected by the growth media formulation (Figure 4 Supplement 1A, B ). Furthermore, the number of melanocytes with 128
Ca 2+ transients did not increase when melanocytes were grown in keratinocyte-conditioned media nor when separated 129 from keratinocytes by a semi-porous membrane (Figure 4 Supplement 1C, D). Thus, close proximity to, and possibly 130 direct contact with, keratinocytes was required for the Ca 2+ transients. 131
To determine the source of Ca 2+ responsible for the dendritic transients, we quantified the number of Ca 2+ 132 transients before and after the removal of external CaCl 2 and/or addition of 1 µM thapsigargin, which releases calcium 133 from internal stores (Lytton et al., 1991) . The percent of cells with Ca 2+ transients was reduced by either the removal of 134
external CaCl 2 or addition of thapsigargin (63±4% and 30±5% of pretreatment level, respectively) compared to the control 135 (88±5% of the pretreatment, Figure 4B ), with the combination of removal of CaCl 2 and addition of thapsigargin having the 136 greatest effect (7±4% of the pretreatment level). This was also true for the number of Ca 2+ transients per cell (Figure 4  137 Supplement 2). 138 139
ET-1, a keratinocyte derived paracrine factor, contributes to dendritic Ca 2+ transients 140 141
Endothelins, a family of 21 amino acid peptides, play a critical role in melanocyte development, maturation, and 142 homeostasis within the epidermis (Reid et al., 1996) . Epidermal keratinocytes produce and secrete endothelin 1 (ET- The localized Ca 2+ transients in melanocytes elicited by ET-1 ( Figure 4C and Movie 5) resembled those seen in 152 co-cultures of melanocytes and keratinocytes without the addition of exogenous ET-1 ( Figure 3 Addition of ACh increased the number of transients per cell in co-culture ( Figure Supplement 6B). ACh increased the frequency of calcium transients, in those cells that already showed activity, but had 172 no effect of number of melanocytes with Ca 2+ transients (up to100µM, Figure 4 Supplement 5B). Atropine decreased the 173 number of co-cultured melanocytes with transients to 54±8% of the pretreatment value ( Figure 4I ), indicating that 174 endogenous ACh release caused melanocyte Ca 2+ transients. Addition of BQ788 with atropine, further reduced the 175 number of melanocytes with transients to 47 ± 0.6% of the pretreatment value ( Figure 4I parallel between melanocytes and cells of the nervous system which has profound implications for how melanocytes 186 receive and process information from their surroundings. It also suggests that there may be a more complex 187 communication network between melanocytes and keratinocytes. These results show that one melanocyte, through its 188 dendritic arbor, physically interacted with multiple keratinocytes and keratinocytes contacted multiple melanocytes. This 189
suggests that the melanocyte-centered "units" within the epidermis may not be independent.
190
Furthermore, we found that keratinocytes also have small cytoplasmic projections both in-situ and in culture which 191 made contact with melanocytes ( Figure 1G ,H and Figure 2D ,E). Similar structures were first described by Palade in 192 amphibian skin at keratinocyte-keratinocyte junctions and have been referred to as microvilli by other groups when 193 discussing phagocytic events in keratinocytes (Ando et al., 2012; Farquhar and Palade, 1965). However, not much is 194 known about their function or molecular composition and it remains to be determined as to what class of cell extension 195 they belong. The keratinocyte projections we observed wrapped around individual melanocyte dendrites ( Figure 1G ), 196
made contact with melanocyte dendritic spines (Figure1F, Figure 1 Supplement 3), and could form physical barriers 197 between adjacent dendrites ( Figure 1H ). This local arrangement is similar to that of glial cells of the nervous system (Auld 1998). Here were show that in co-culture with keratinocytes, melanocyte dendritic Ca 2+ transients originated from distinct 211 regions within the melanocyte dendrite with subsequent events occurring within the same region as well as at specific 212 dendritic spines ( Figure 3 ). This was also true of ET-1 and ACh induced Ca 2+ transients (Figure 4 Supplement 3 -6). 213
These data are indicative of functional domains along melanocyte dendrites in which receptors and linked signaling 214
cascades are restricted to, or active at, specific regions of the dendrite. However, further investigation is required to 215 determine exactly what factors contribute to the observed spatial distribution of localized Ca 2+ transients, including, but not 216 limited to, Ca 2+ buffering proteins, ER Ca 2+ availability, spatial distribution of IP3 receptors, as well as store operated 217 calcium and calcium induced calcium response machinery. 218
Through its dendritic arbor, one melanocyte physically interacts with multiple keratinocytes. The presence of 219 functional domains across the entire dendrite would allow melanocytes to locally modulate cell processes within a specific 220 region of the dendrite. One possible function for this type of spatial control could be local regulation of the production and 221 transfer of melanin. The observation that, on average, a higher percentage of Ca 2+ transients were observed in 222 melanocytes from derived from dark skin than from light skin ( Figure 3 Supplement 2) suggests they might regulate local 223 melanin production and/or melanosome transfer. This is consistent with previous work that showed an overall increased 224
cytoplasmic Ca 2+ enhances mono-cultured melanocytes' response to melanogenic stimuli (Carsberg et al., 1995).
226
Melanocyte heterogeneity 227
Interestingly, not all melanocytes responded to ACh with detectable increases in Ca 2+ transients, which indicates 228 that at the individual level there is heterogeneity in response to ACh ( the level of stimulus can determine the difference between a localized response and a global cell response in 244 melanocytes. Given that melanocytes interact with many different cells within the epidermis, it is possible that 245 melanocytes use their dendrites to compartmentalize responses to local stimuli whereas stimulus from multiple adjacent 246 cells would initiate a global response across the whole cell. Keratinocyte secreted endothelin elicited a localized Ca 2+ 247 transient response in melanocytes ( Figure 6E -G) whereas addition of 10nM ET-1 directly to melanocytes both in mono 248
and co-culture lead to Ca 2+ transients across the entire melanocytes ( Figure 6C and Figure S6A ,E). increases, offers a possible mechanism by which melanocytes can make decisions regarding such outcomes.
257
UV radiation has a dose dependent effect on skin pigmentation through activation of intrinsic melanocyte 258 responses as well as up-regulating multiple melanogenic keratinocyte-derived paracrine factors (Bellono et al., 2013; 259
Hirobe, 2005). It is possible that basal levels of skin pigmentation are regulated through local, sub-threshold signaling 260 along melanocyte dendrites, whereas doses of UV radiation that activate a tanning response (increase in melanin 261 production, melanin transfer and transient proliferation of melanocytes) cause an increase in signaling that exceeds this 262
threshold producing a whole cell response.
263
Neuronal dendritic spines are dynamic structures involved in short-and long-term plasticity at synapses. It is 264 possible that the dendritic spine-like structures on melanocyte dendrites function similarly to their neuronal counterpart: 265
integrating signals to determine the states of melanin production while providing a way to adapt to long-term responses to 266 UV radiation .  267   268   269  270  271  272  273  274  275  276  Figures:  278  279  280  281  282  283  284  285  286  287  288  289  290  291  292  293  294  295  296  297  298  299  300  301  302  303  304  305  306  307  308  309  310  311  312  313  314  315  316  317  318  319  320  321  322  323 428  429  430  431  432  433  434  435  436  437  438  439  440  441  442  443  444  445  446  447  448  449  450  451  452  453  454 (n=203,141,141,62 cells from 3, 2, 2, 1 different patient derived and matched co-cultures, respectively) . Significant by 504
Kruskal-Wallis ANOVA (H= 67.63, 3 d.f., p-value = 1.37 x10 -14 ). Box: 25%, 75%; Whiskers: 10 % -90%. (E), ET B (BQ788) 505
and not ET A (BQ123) inhibition significantly reduces the number of melanocytes with Ca 2+ transients, n = 6, 3, and 3 co-506
cultures, respectively derived from 6 different donors. One way ANOVA F(2,9)=39. 
